Background: Sildenafil (Viagra) has been introduced to treat erectile dysfunction by acting as phosphodiesterase 5 inhibitor and hence accumulation of guanosine cyclic monophosphate (cGMP). On the other hands, the nitric oxide/cGMP signaling pathway has crucial role in synaptic plasticity processes like long-term potentiation (LTP) in the central nervous system considered as a model of learning and memory. Objectives: The aim of the present study was to determine the effects of sildenafil on different stages of spatial learning and memory of rat using radial maze.
Background
It has been confirmed that glutamate as a neurotransmitter which bind to its specific receptors has a critical role in learning and memory processing (1-4) and longterm potentiation (LTP) (4) (5) (6) . Activated glutamate NMDA receptor stimulates an influx of calcium, which in turn activates multiple cascades. One of these pathways involves the production of nitric oxide (NO) (7-10) which stimulates guanylyl cyclase (sGC) and formation of the second messenger, 35́ guanosine cyclic monophosphate (cGMP) in the presynaptic terminal (8, 9, 11) . Increased cGMP levels stimulate further release of glutamate (11, 12) and hence may constitute a presynaptic mechanism contributing to early phase of long-term potentiation of excitatory neurotransmission and perhaps some forms of learning and memory (13) (14) (15) . Then, cGMP was degraded by phosphodiesterase (PDE). Sildenafil is an inhibitor of PDE type 5 (PDE5) which is the first oral medicine approved by the United States Food and Drug Administration for the therapeutic treatment of erectile dysfunction (16) . The mRNA of PDE5 has been demonstrated in several brain areas of adult rat including brain cortex and hippocampus (17) . Several lines of evidence indicate that sildenafil may offer novel strategy in therapeutic treatment of age related memory impairment, pain, pulmonary hypertension and multiple sclerosis (18).
Objectives
Based on mentioned reports, sildenafil which increases cGMP half-life may contribute to learning and memory processing. Few recent studies have shown that sildenafil could affect some kind of cognitive performance. It improves performance of object recognition task, inhibitory avoidance task and attenuates learning impairment induced by blockade of cholinergic muscarinic receptors (2, (19) (20) (21) (22) (23) (24) . On the other hand, there is another report which indicates that sildenafil had no significant effect on passive avoidance learning (13, 14) . It has been report-ed that sildenafil consumption causes temporary amnesia (25) (26) (27) . As different neural circuits involve in different types of learning and memory, the aim of this study was to evaluate the effects of sildenafil as a PDE5 inhibitor on acquisition, consolidation and retrieval of Y-maze spatial learning and memory in normal young rats.
Materials and Methods

Animals
Sixty-two three-month-old male Wistar rats weighting 250 -300 g were used in this study. Rats were housed three per cage. They were maintained at 20 ± 2 °C on a 12:12-hour light-dark photocycle (lights on 07:00 a.m.). Water and food were available ad libitum. All rats were acclimatized to the environment for at least ten days prior to initiation of behavioral testing. Body weights were reduced to about 85-90% of the primary weights by reduction of daily food. 
Radial Maze
The rats were tested in an 8-arm radial maze. The apparatus consisted of one central compartment and eight arms radiated from it in equal intervals. The central part of the radial-maze was 20 cm in diameter. Its arms (50 cm long, 15 cm high, 10 cm wide) were closed and made of transparent Plexiglas and their entrance was blockade by transparent Plexiglas guillotine doors. There was a cup at the end of each arm filled with food pellets. Four arms were baited randomly (arms number: 1, 4, 5, 7). The sequence never changed through the experiments. The maze was always oriented in space in the same way. Several extra-maze cues were provided close to the arms. All of experiments were performed between 12:00 to 15:00 p.m. In each trial, the rat was placed into central compartment (start position) closed off by door. After 15 seconds to navigate central compartment, guillotine doors were raised and were allowed to find the food pellets in arms until all 4 pellets arms had been eaten or 5 minutes was elapsed. The effects of daily post-training i. p. injection of sildenafil or saline on the mean (±SEM) number of baited food arms (A) and trial termination time (B) on sixth day of training. ***: P < 0.001.
All rats were trained 3 trials per day for 6 consecutive days. The interval between trials was 5 minutes. In the last day, the trial termination time and number of baited food arms were recorded. If rat learns to find baited food arms, numbers of memory errors were calculated. The number of entries into never baited arms was regarded as reference memory errors (RME), while the number of re-entries into the arms where the pellet had already been eaten was regarded as working memory errors (WME) (28).
Effects of Pre-Training Sildenafil Administration on Acquisition in Radial Maze
The rats were randomly divided into two experimental groups: saline (n = 11) and sildenafil (n = 11) treated groups which were given saline or sildenafil (10 mg/kg) orally by gavage 1 hour prior to the daily training trials.
Effects of Post-Training Sildenafil Administration on Consolidation of Memory in Radial Maze
Immediately after the end of the first day of training trials, the rats were randomly divided into two groups which were received intra-peritoneal (i.p.) injection of saline (n = 12) or sildenafil (10 mg/kg, n = 9), respectively. This procedure was continued after the daily training.
Effects of Pre-Retrieval Sildenafil Administration on Retention of Memory in Radial Maze
The rats were trained for 6 consecutive days. Then after 2 days, retention test was performed. The rats were randomly divided into saline (n = 11) or sildenafil (n = 8), (10 mg/kg) which were given orally by gavages 1 hour prior to the retention test. The effects of pre-retrieval oral administration of sildenafil or saline on the number of baited food arms (A), trial termination time (B), number of reference memory errors (C) and number of working memory errors (D) in the retention test. Ordinate: Mean ± SEM. *: P < 0.05, **: P < 0.01.
Statistical Analysis
The data of each experiment was analyzed using student t-test. P < 0.05 was considered statistically significant. All data was represented as mean ± SEM.
Results
Effects of Pre-Training Sildenafil Administration on Acquisition in Radial Maze
As shown in Figure 1 , in last day of training the number of baited food arms in sildenafil group was significantly fewer than the saline group [t (20) = -3.06; P = 0.006]. In addition, sildenafil group of rat took more time to get foods in the arms [t (20) = -2.57; P = 0.01].
Effects of Post-Training Sildenafil Administration on Consolidation of Memory
The results of second experiment showed that sildenafil treated group significantly found and ate less arms food [t (19) = -6.98; p < 0.0001] and took more time than control group [t (19) = 5.17; p < 0.0001] (Figure 2 ).
Effects of Pre-Training Sildenafil Administration on Retention of Memory
As indicated in Figure 3 
Discussion
The present findings demonstrated that systemic administration of sildenafil (Viagra) could influence different phases of spatial learning and memory of rats in radial maze task. Briefly, our results showed that pre-training administration of sildenafil attenuated learning of radial maze task. In addition, post-training administration of sildenafil impaired consolidation of spatial memory. On the other hand, pre-retrieval administration of sildenafil enhanced retrieval of spatial memory by decreasing the number of working memory and reference memory errors. Pre-retrieval administration of sildenafil could improve both spatial reference and working memory. Therefore, sildenafil has differential effects on different steps of spatial learning and memory. Several lines of evidence indicated that sildenafil improves learning and memory (2, 19, 20, (22) (23) (24) (29) (30) (31) (32) . Some of these were resulted in memory deficit conditions. Devan et al. reported that pre-training i.p. administration of L-NAME, scopolamine or intracerebroventricular infusion of nitric oxide synthase inhibitor impaired 14-unit T-maze performance and that pre-training i.p. administration of sildenafil significantly attenuated this impairment (23, 33, 34) . Erceg et al. reported that in rats with chronic liver failure or hyperammonemia, the brain glutamate-NO-cGMP was impaired. chronic treatment with sildenafil restored the ability of rats to learn a conditional discrimination task (32) . There are some reports indicating beneficial effects of sildenafil on learning and memory in some types of learning and memory tests in normal animals. For instance, administration of sildenafil directly into the hippocampus after the first trail in object recognition task, improved memory in mice (19, 35) and enhanced the processes of consolidation of object information (20) . Prickaerts et al. reported that post trial oral administration of sildenafil (0.3, 1, 3 mg/kg) improved the object discrimination performance of Swiss mice at a dose of 1 mg/kg (30). Prickaerts et al. reported that sildenafil given before or immediately after the first trial improved the memory performance of object recognition task after 24 hours (31). Singh et al. reported that, sildenafil (2, 4, 8 mg/ kg, i.p.) administered immediately after training on first day led to a dose-dependent improvement of memory in mice in elevated plus maze test (2) .
PDE5 inhibitors, such as sildenafil, provide a means to enhance the amplitude and duration of cGMP signal transduction. Therefore, it is believed that the effects of sildenafil on learning and memory are due to accumulation of cGMP in neural structures like hippocampus. In vitro experiments demonstrated that sildenafil increases NO-mediated cGMP accumulation in the dorsal hippocampus as assessed with radioimmunoassay and immunocytochemistry (19, 20, 36) . Therefore, memory enhancing effect of sildenafil which improved reference and working memories might be due to increasing the level of cGMP in neural structures like hippocampus. Although, our results are in contrast with most previous reports concerning the benefit effects of sildenafil on learning and memory, our results are in agree with few reports which indicated that sildenafil had no significant facilitatory effects on learning and memory. Few cases of transient global amnesia have been reported after sildenafil medication (25) (26) (27) . one of the hypothesizes suggests that the pathophysiology of transient global amnesia is related to intracranial vasomotor changes, especially due to venous congestion and venous ischemia of bilateral hippocampal structures. Therefore, it is suggested that a single dose of sildenafil may stimulate transient global amnesia (25) . Shahidi et al. reported that immediate posttraining i.p. administration of sildenafil (1, 3, 10, 20 mg/ kg) did not facilitate retention performance of a passive avoidance response in both young and middle aged rats. Comparison of retention time between young and middle aged rats showed that the memory of the latter had been significantly reduced. Sildenafil had no significant effect on consolidation of passive avoidance response in young rats and decreased consolidation in middle aged rats (13, 14) . Devan et al. reported that different doses of sildenafil (1, 1.5,3, 4.5 mg/kg) alone did not significantly alter complex maze performance (23) . The decreasing effects of sildenafil on consolidation and acquisition of spatial learning and memory in our study might be due to the inhibition of PDE5 within other brain structures and/or may inhibit other PDE ribozymes (e.g. the recently cloned PDE10A enzyme). Sildenafil has a beneficial role in preventing the decline of learning and memory in different tasks. It had no beneficial effects on acquisition and consolidation of learning and memory of healthy subjects in more complex tasks such as radial maze task, but it could be considered as an enhancer of memory retrieval of such a complex task in normal young rats. In addition, effects of sildenafil in normal subjects are varied which might be due to the type of memory test or the genius of the subjects. Furthermore, as different neural pathways involve in different types of learning and memory task, sildenafil may acts and accumulates cGMP in other neural structures in addition to hippocampus. Further researches with local cerebral infusions of sildenafil are suggested to determine the site(s) of drug action within different brain regions contributing learning and memory processing using behavioral and electrophysiological methods.
